


















The Energy of Marder Space-Time in Møller
Prescription
S. Aygu¨n‡∗, H. Baysal†and I˙. Tarhan ‡
‡Department of Physics, Art and Science Faculty
C¸anakkale Onsekiz Mart University, 17020 C¸anakkale, Turkey.
†Department of Secondary Science and Mathematics Education, Faculty of Education,
C¸anakkale Onsekiz Mart University, 17020 C¸anakkale, Turkey.
August 7, 2006
Abstract
We use the Møller energy-momentum complex in teleparallel gravity to calculate
Marder space time. The energy distribution is found to be zero everywhere. This
result agrees with previous works of the authors and Cooperstock-Israelit, Saltı et
al., Israelit, Rosen, Johri et al. and Banerjee-Sen.
1 Introduction.
The subject of energy-momentum localization in general relativity and teleparallel gravity
continues to be an open one because there is no given yet a generally accepted expres-
sion for the energy momentum density. For the solution of the problem many researchers
have computed the energy as well as the momentum and angular momentum associ-
ated with various space-times. After Einstein[1] first introduced energy-momentum com-
plexes, a plethora of different energy-momentum complexes were constructed, including
those of Tolman[2], Papapetrou[3], Bergmann-Thomson[4], Møller[5], Landau-Liftshitz[6],
Weinberg[7], Qadir-Sharif[8] and the tele-parallel gravity analogs of the Einstein, Landau-
Lifshitz, Bergmann-Thomson[9] and Møller’s[10]. The energy-momentum complexes give
meaningful results when we transform the line element in quasi-Cartesian coordinates.
The energy and momentum complex of Møller gives the possibility to perform the any
coordinate system[11]. The issue of the energy-momentum localization by use of the
energy-momentum complexes was revived by K.S. Virbhadra’s pioneering work[12]. How-
ever many researchers have studied in detail energy-momentum problem in the theory
of general relativity and teleparallel gravity by using different space times and different
definitions.[13]
The subject of the energy-momentum distributions of closed and open universes was




of energy for any homogenous isotropic universe described by a Friedmann-Robertson-
Walker metric in the context of general relativity. This interesting result influenced some
general relativists, for example: Rosen[15], Johri et al.[16], Banerjee and Sen[17]. Johri et
al. using the Landau-Liftshitz’s energy-momentum complex, found that the total energy
of an Friedmann-Robertson-Walker spatially closed universe is zero at all times. Banerjee
and Sen who investigated the problem of total energy of the Bianchi-I type space-times
using the Einstein complex, obtained that the total energy is zero. This result agrees with
the studies of Johri et al. since the line element of the Bianchi-I type space-time reduces
to the spatially flat Friedmann-Robertson-Walker line element in a special case. Vargas[9]
using the definitions of Einstein and Landau-Lifshitz in tele-parallel gravity, found that
the total energy is zero in Friedmann-Robertson-Walker space-times. This results agree
with the works of Rosen and Johri. Saltı and Havare[18] considered Bergmann-Thomson’s
complex in both general relativity and tele-parallel gravity for the Viscous Kasner-type
metric and in another work, Saltı[19] using the Einstein and Landau-Lifshitz’s complexes
associated with the same metric in tele-parallel gravity, found that total energy and
momentum are zero. At the last, Aydogdu and Saltı[20] used Møller’s definition in tele-
parallel gravity for Bianchi-I type metric and found that the total energy is zero. Aygu¨n
[21] et al. have investigated the same problem in general relativity by using the Ein-
stein, Møller, Bergmann-Thomson, Landau-Lifshitz (LL), Papapetrou, Qadir-Sharif and
Weinberg’s definitions in general relativity and also the Authors have investigated same
problem in teleparallel gravity by using Bergmann-Thomson, Einstein, Landau-Lifshitz
definitions for Marder type space-time and found same results[22].
The paper is organized as follows: In the next section, we introduce Marder type space-
time. In section III, by using Møller’s energy-momentum complex we calculate the total
energy for the Marder type space-times in teleparallel gravity. At the last, we summarize
and discuss our results. Throughout this paper, Latin indices (i, j, ...) represent the
vector number, and Greek indices (µ, ν,...) represent the vector components. All indices
run from 0 to 3 and we use the convention that G = 1, c = 1 units.
2 The Marder type Space-time
We consider the metric in the form [23]
ds2 = A2(dx2 − dt2) +B2dy2 + C2dz2. (1)
where, A,B,C are functions of t only.
This ensures that the model is spatially homogeneous. The metric can be transformed
to the Bianchi type-I form by the coordinate transformation t→
∫
A(t)dt. The Bianchi
cosmologies play an important role in theoretical cosmology and have been much stud-
ied since the 1960s. A Bianchi cosmology represents a spatially homogeneous universe,
since by definition the space-time admits a three-parameter group of isometries whose
orbits are spacelike hyper-surfaces. These model can be used to analyze aspects of the
physical Universe which pertain to or which may be affected by anisotropy in the rate of
expansion, for example, the cosmic microwave background radiation, nucleosynthesis in
the early universe, and the question of the isotropization of the universe itself [24]. Spa-
tially homogeneous cosmologies also play an important role in attempts to understand
the structure and properties of the space of all cosmological solutions of Einstein field
equations.




−A2 0 0 0
0 A2 0 0
0 0 B2 0
0 0 0 C2

 (2)




−A−2 0 0 0
0 A−2 0 0
0 0 B−2 0
0 0 0 C−2

 . (3)






the metric (1) can be expressed in the simple form
ds2 = −(ω0)2 + (ω1)2 + (ω2)2 + (ω3)2 (5)
The non-trivial tetrad field induces a tele-parallel structure on space-time which is







Using this relation, we obtain the tetrad components:





















gαβ (∂µgβν + ∂νgβµ − ∂βgµν) (9)























where t indices describe the derivative with respect to t. When we apply coordinate trans-
formation t→
∫
A(t)dt, we obtain Bianchi type I universe defined by the line element;
ds2 = −dt2 + A2dx2 +B2dy2 + C2dz2. (11)
And the metric given above (11) reduces to some well-known space times in special
cases[25].
For A=B=C=R(t) and transforming the line element to t,x,y,z coordinates according
to
x = r sin(θ) cos(φ), y = r sin(θ) sin(φ), z = r cos(θ) (12)
gives
ds2 = −dt2 +R(t)2[dr2 + r2(dθ2 + sin(θ)2dφ2)]. (13)
which describes well-known spatially flat Friedmann-Robertson-Walker (FRW) space-
time.
For A = el(t), B = em(t) and C = en(t), then the line element describes the well-known
Bianchi-I type metric.
For A = ta, B = tb and C = tc, (where a,b,c are constants ), then we obtain the
well-known Kasner-type model.
3 Møller’s Energy in Tele-Parallel Gravity
The tele-parallel gravity is an alternative approach to gravitation and corresponds to a
gauge theory for the translation group based on Weitzenbo¨ck geometry[26]. In the theory
of the tele-parallel gravity, gravitation is attributed to torsion[27], which plays the role of
a force[28], and the curvature tensor vanishes identically. The essential field is acted by a
nontrivial tetrad field, which gives rise to the metric as a by-product. The translational
gauge potentials appear as the nontrivial item of the tetrad field, so induces on space-
time a tele-parallel structure which is directly related to the presence of the gravitational
field. The interesting place of tele-parallel gravity is that, due to its gauge structure,
it can reveal a more appropriate approach to consider some specific problem. This is
the situation, for example, in the energy and momentum problem, which becomes more
transparent.
Møller modified general relativity by constructing a new field theory in tele-parallel
space[29]. The aim of this theory was to overcome the problem of the energy-momentum
complex that appears in Riemannian Space[30]. The field equations in this new theory
were derived from a Lagrangian which is not invariant under local tetrad rotation. Saez[31]
generalized Mφller theory into a scalar tetrad theory of gravitation. Meyer[32] showed
that Møller theory is a special case of Poincare gauge theory[33, 34].




































where the semicolon denotes covariant differentiation with respect to Christoffel sym-




κ is the Einstein constant and λ is the free dimension-less parameter. The energy may





here nα is the unit three-vector normal to the surface element dS. Taking the results
which are given by (7) and (8) into equation (17) we get the non-vanishing components
of γµνβ as:
γ011 = −γ101 = AAt
γ022 = −γ202 = BBt
γ033 = −γ303 = CCt (20)














From equation (14) with the results which are given in equation (20) and (21) we find
the required components of Møller’s super-potential are vanishing. From this Substituting
this results into Eq. (19) we get
EMøllerTG = 0 (22)
This result exactly same as which is obtained by general relativity version of Møller’s
energy-momentum complex by Aygu¨n et al.[21].
4 Discussions
In this paper, to compute the total energy of the universe based on the Marder type
metric, we have considered Møller’s energy-momentum complex in teleparallel gravity.
We found the total energy in this model as:
EMøllerTG = 0
which agree with the result that obtained by Cooperstock and Israelit[14], Rosen[15],
Johri et al.[16], Banerjee-Sen[17], Vargas[9], Saltı et al.[19, 20] and Aygu¨n et al.[21, 22].
This solution also independent of the teleparallel dimensionless coupling constant, which
means that it is valid in any teleparallel model. When we apply coordinate transformation
the results of energy distributions of these metrics are same as our results,
EGRFRW = E
TG









This paper demonstrates the important point that these energy momentum definitions
are identical not only in general relativity but also in teleparallel gravity.
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